Chapter 5: Summary of Program Elements
and Resource Requirements

Table 5.1 breaks out the Carbon Cycle Science Plan
(CCSP) program elements and summarizes the research
components and approximate costs. The elements are
also mapped onto the CCSP goals as described below.

Initial Funding Priorities

Most of the program elements outlined below serve
more than one of the major long-term and five-year goals.
Again,the program requires a coordinated,integrated
approach by the responsible agencies: the value of an
integrated program will greatly exceed the return from
uncoordinated program elements.

The individual program elements described in this
plan,however, are not at equal stages of readiness. Some
program elements represent work that has been con-
strained by limited resources in the past and could begin
immediately with a near-term infusion of funding. New
technology enterprises, for example,have suffered dispro-
portionately in the recent past due to such resource con-
straints. Since many of the program elements in the CCSP
call for focused technology development prior to large-
scale implementation, we recommend that a high priority
be placed on funding those technology development
efforts that have been deferred due to insufficient fund-
ing. More specifically, the following program elements
should be considered as high priorities for initial funding:

= Both facility and technology development for the
enhanced flux network,airborne sampling,and auto-
mated and streamlined ocean sampling for long time-
series and underway measurements

= Airborne CO, monitoring programs, both dispersed
weekly measurements and in support of regional studies

« An expanded and enhanced surface monitoring net-
work for atmospheric CO,

« Improved forest inventories (with carbon measure-
ments a key focus and an explicit goal) and develop-
ment of new techniques for remote sensing of above-
ground biomass

< Analysis of World Ocean Circulation Experiment/Joint
Global Ocean Flux Study (WOCE/JGOFS) data for CO,
uptake by the oceans

* New ongoing program of air-sea carbon flux and ocean
inventory measurements
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< Continued ocean process studies and enhanced manip-
ulation experiments

= Enhanced development of Earth system modeling to
include interactive carbon and climate dynamics.

Mapping of Program Elements to
CCSP Goals

The following paragraphs map the program elements
shown in Table 5.1 to the goals and objectives of the
Carbon Cycle Science Plan.

Goal 1. Program Elements 1-4, 6-9, 11

The program elements (1) expanded terrestrial flux
network,(2) airborne CO, observation program,(3) global
CO, monitoring network,and (4) land use inventories,
taken together, address the first part of the CCSP Goal 1.
to quantify the Northern Hemisphere terrestrial sink and
more generally, to quantify the global terrestrial sink for
CO,. Program elements (1),(2),and (3) together provide
direct long-term measurements defining sources and sinks
on regional scales. The proposed airborne observations
(2) are capable of providing integrated measures of
regional net exchange several times per month;the con-
ceptual framework for interpreting these observations
needs to be strengthened and tested through a series of
strategically planned regional observation experiments
(6).The expanded flux network (1) complements the
other elements by determining monthly and annually aver-
aged regional net uptake or release in typical ecosystems.
The flux network will be able to define the systematic dif-
ferences between flight days and non-flight days for the
airborne profile measurements. Flux data can help
account for CO, net exchange on days when analysis of
the regional net exchange is not possible from atmo-
spheric data,e.g.,during frontal passages or large
weather events.

Improved carbon and land use inventories (4) provide
a first-order check on the inferences from atmospheric
measurements. By telling us where the carbon is going
(or coming from),program element 4 also contributes sig-
nificantly to the second part of Goal 1,to understand the
underlying mechanisms that regulate the Northern
Hemisphere terrestrial sink,and more generally, global ter-
restrial sinks and sources.The long-term terrestrial obser-
vations (7),process studies and manipulations (8) provide
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fundamental tools to develop new understanding of ter-
restrial sinks and sources.

Estimates of the Northern Hemisphere terrestrial car-
bon sink made from atmospheric CO, observations are
very sensitive to the magnitude of the carbon sink in the
North Atlantic and North Pacific. Oceanic observations
(10) in the North Atlantic and Pacific Oceans thus provide
important constraints on the Northern Hemisphere terres-
trial carbon sink.

Modeling and synthesis (11) provide a large-scale check
on inferred Northern and global fluxes when combined
with global network (3) and airborne (2) data,and allow
tests of our understanding through simulations of past and
present conditions.

Goal 2: Program Elements 2, 3, 6, 9-11

The elements (9) surveys,time series, remote sensing,
(10) a quantitative understanding of air-sea exchange
processes, (2) airborne CO, observation program,and (3)
global CO, monitoring network together address the first
part of Goal 2: to quantify the oceanic uptake of CO,:
global ocean measurements.These elements provide
direct long-term measurements defining sources and sinks
on the scale of major ocean regions. A critically important
task is to successfully integrate expanded observations of
time series at key locations,observations of atmosphere-
ocean exchange,periodic global ocean surveys, remote
sensing of the oceans,large-scale airborne measurements
over the oceans,and atmospheric data from island sta-
tions. The conceptual framework for interpreting these
observations will be developed and tested in element (6),
strategically planned regional observation experiments.

Ocean process studies and manipulations (10) tell us
why the carbon is going (or coming from) major ocean
regions and provide the basis for predicting long-term
trends. Program elements (10) and (6) thus contribute
significantly to the second part of Goal 2:to understand
the mechanisms of oceanic uptake of CO,.

Modeling and synthesis (11) provide large-scale checks
on inferred oceanic and global fluxes,especially when
exercised to provide global constraints using data from
the global surface and airborne networks (elements (2)
and (3). Models allow tests of our understanding through
simulations of past disturbances,such as major El Nifio-
Southern Oscillation (ENSO) events.

Goal 3: Program Elements 1, 4,5, 7, 11

The program elements (5) (reconstruct historical land
use) and (4) (expand global terrestrial carbon and land
use inventories) are specifically designed to address Goal
3: to determine the impact of historical and current land
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use. The expanded flux network (1),long-term terrestrial
observations (7), and terrestrial process studies and
manipulations (8) will provide integral checks and con-
straints on the interpretation of results from (4) and (5).
Modeling and synthesis (11) will be the major tools bring-
ing together the data and concepts developed by these
program elements.

Goal 4: Program Element 11 (integrating
elements 1-10)

The program element modeling and synthesis (11) rep-
resents the most comprehensive and integrating tool for
Goal 4,projecting future atmospheric concentrations of
CO,. This goal is a major scientific undertaking,in which
the models and analysis must be closely integrated with all
other elements of the CCSP. To succeed, responsible agen-
cies will need to develop a managerial framework with a
unified vision of the program and with greatly enhanced
mutual collaboration and strategic planning.

Goal 5: The Entire CCSP (all elements,
integrated and coordinated)

Goal 5—developing the scientific basis for evaluating
management decisions relating to CO, in many critical
ways represents the culmination of the entire Carbon
Cycle Science Plan. The ultimate measure of a successful
carbon cycle research program will be found in its ability
to provide practical answers to both scientific and
societal questions.



